Abstract After total knee arthroplasty (TKA) the technique of wound management is not standardised. In this prospective study the efficacy of autologous blood reinfusion from the wound was investigated. One hundred patients (100 TKAs) were enrolled in this sequential cohort study. In one-half of the operations, a reinfusion system with suction and in the other half one wound drain without suction were used. Blood loss, transfusion requirements, range of motion, Insall scores and the incidence of complications were studied. The use of a reinfusion system did not decrease the homologous transfusion requirements. The blood loss in the group with a suction drainage system was significantly higher. Our experiences since May 2002 with one drain without suction in 787 consecutive TKAs confirm all findings of the current study.
Introduction
There is no generally accepted or standardised technique for postoperative wound management after total knee arthroplasty (TKA) [17] . Some surgeons use a reinfusion system of autologous blood [19, 23] and others use closed suction drainage [11] following elective knee arthroplasty. Theoretically, a wound drain should minimise postoperative haematoma and all of the complications with which it is associated [4] . However, wound drains may potentially introduce different complications including infection [3, 25] . The purpose of a re-transfusion system of autologous blood from the wound is to reduce the need for homologous blood transfusion. Re-transfusion of autologous blood as well as transfusion of homologous blood may influence the patient's immune system [8] . The reported results of studies where postoperative wound drainage is not used, vary considerably. There are some studies showing a higher and others no higher complication rates compared with patient groups managed with closed suction drain systems.
The purpose of this study was to compare the method of re-transfusion of the collected autologous unwashed blood from the wound with a closed non-suction drainage system.
Materials and methods
Primary total knee replacements were performed in 100 patients. The following knee prostheses were used: the NexGen Mobile Bearing Knee (MBK), NexGen Legacy Posterior Stabilized (LPS), NexGen Legacy Posterior Stabilized Flex mobile (LPS-Flex mobile) and NexGen Legacy Constrained Condylar Knee (LCCK) (Zimmer Inc., Warsaw, IL, USA). All operations were done without tourniquets. A standard medial parapatellar exposure was used. A lateral approach [10] was applied for severe valgus deformities with a fixed lateral collateral ligament contracture. All operations were performed by experienced knee surgeons. Preoperatively and 3 months postoperatively the range of motion and the Insall knee score [9] were measured. The haemoglobin value was determined 1 day preoperatively, on the day of surgery, and 3 and 7 days postoperatively. A preoperative analysis of the blood coagulation parameters was performed if indicated, either co-morbidity or prescription drug usage. The indications for a blood transfusion were influenced by the clinical symptoms of anaemia (hypotension, tachycardia, vertigo, hyperhidrosis, nausea and vomiting), the haemoglobin value (haemoglobin <8.0 g/dl) and a history of cardiovascular disease. A low molecular weight heparin (Enoxaparin 40 mg; the corresponding approximate anti-Factor Xa activity of 4,000 IU) was used once a day for prophylaxis of venous thrombosis beginning the day before operation and continued for 6 weeks postoperatively.
Patient group A From March to April 2002, 50 patients received a TKA using three Redon-drains [20] (Oriplast Inc., NeunkirchenSaar, Germany) attached to low-pressure suction and a retransfusion system of the collected autologous unwashed blood from the wound (Transolog, Heim Medizintecnik, Glattbeck, Germany). Two drains (Charrière 12) were placed intra-articularly and one drain (Charrière 10) subcutaneously. The wound was closed by suturing the capsule and the subcutaneous tissue, and a skin closure with staples was performed. The postoperative dressing consisted of the following layers: gauze, abdominal pads, surgical cotton and an elastic bandage. Postoperatively, the leg was positioned in full extension. Blood collected over the next 4 h was re-transfused to the patient. Then the drains were reattached to a low-pressure suction reservoir.
Patient group B
From May to July 2002, 50 patients received a TKA using one intra-articular Redon-drain (Charrière 12) without suction. The drain was not attached to a re-transfusion system. The wound closure procedure, the dressing and the postoperative management were the same as in group A. This wound drainage technique was used in our department from May 2002 to January 2006. Our experience over 45 months (787 TKAs) with this method is reported.
The drains were removed on the second day postoperatively in both study groups. A compressive bandage was applied for two additional days. Therapy with a continuous passive motion machine began after the removal of the drains. The patient was mobilised with two canes and full weight bearing on the operated limb on the third postoperative day. The skin staples were removed on the tenth postoperative day if wound healing was uncomplicated.
Results

Patient group A
The mean patient age was 70.9 years (54.6-85.2). The ratio of male:female was 13:37 (26:74%). The mean body mass index was 29.4 (17.1-44.1). Forty-nine patients had a diagnosis of primary osteoarthritis and 1 patient had avascular necrosis of the medial femoral condyle. Each patient received a NexGen MBK. Twenty-nine (58%) of the TKAs were performed on the right side and 21 (42%) on the left side. Eighty-four percent of the operations were performed by orthopaedic surgeons and 16% by senior residents under the supervision of an orthopaedic surgeon. The mean operating time was 79 min (39-134). The total mean postoperative blood loss via the drains was 1,424 ml (600-2,760). The mean re-transfused autologous blood volume collected from the wound after the first 4 h postoperatively was 835 ml (300-1,300). In this study group 25 patients (50%) received an additional blood transfusion (autologous or homologous). The mean transfused blood volume in these 25 patients was 2.16 units (1-4) . The blood transfusions were given at a mean haemoglobin value of 8.9 g/dl (7.2-10.0). In 43 cases (86%) wound healing was uncomplicated. In seven cases (14%) a delay in wound healing (wound secretion longer than 7 days postoperatively) was found. A severe delay or complication in wound healing was not seen. The haemoglobin values preoperatively and at various days postoperatively are shown in Table 1 . During rehabilitation in 14 patients (28%) a complication was reported as listed in Table 2 . The range of motion preoperatively was 109°a nd 3 months postoperatively 99°. The maximal flexion contracture preoperatively was 25°and postoperatively 15°. The preoperative flexion range was 70°-140°and postoperative was 80°-130°. The mean preoperative Insall knee score was 108 (47-156) and 3 months postoperatively 155 (100-197).
Patient group B
The mean age of the patients was 70.2 years (50.5-89.1). Fourteen patients (28%) were male and 36 patients (72%) were female. The mean body mass index was 29.9 (20.2-41.9). All patients had a diagnosis of primary osteoarthritis. In this patient group 40 NexGen MBK (80%), 7 NexGen LPS-Flex mobile and 3 NexGen LPS (6%) were used. Twenty-nine patients (58%) had the operation on the right side and 21 (42%) on the left side. Ninety-six percent of the operations were done by orthopaedic surgeons and the others by senior residents under supervision of an orthopaedic surgeon. The mean operating time was 79.8 min (42-157). The mean volume of the collected blood in the reservoir of the drain was 247 ml (40-1,000). No significant difference was found for postoperative blood loss between the different types of prosthesis [NexGen MBK: mean 255 ml (40-1,000); NexGen LPS and LPS-Flex mobile: mean 215 ml (50-500)]. In 18 patients (36%) a postoperative blood transfusion was required. The mean transfused blood volume in these 18 patients was 2.22 units (2-4) . The mean haemoglobin value at the time of blood transfusion was 8.6 g/dl (7.1-9.9). In 48 patients (96%) the wound healing was uncomplicated. In two patients (4%) a delay of the wound healing was noted. Table 1 shows the pre-and postoperative haemoglobin values. The reported postoperative complications in 15 patients (30%) are listed in Table 2 . Preoperatively, the mean range of motion was 105°and postoperatively 103°. The maximal flexion contracture preoperatively was 15°and postoperatively 30°. The patient with 30°flexion contracture developed this 4 months postoperatively. The mean preoperative flexion was 70°-140°and postoperative 80°-140°. The mean Insall knee score preoperatively was 102 (28-149) and 159 (77-192) 3 months postoperatively.
Discussion
Different studies [6, 7, 18, 19, 23, 24] have reported a decreased blood transfusion requirement using a postoperative autologous blood reinfusion system. Peter et al. [19] reported a blood transfusion requirement in the study group without an autologous blood reinfusion system in 67 of 93 patients (72%) which dropped to 19% using a reinfusion system. A transfusion rate of 72% seems to be high in comparison to the results of Parker et al. [17] . In a metaanalysis they found a rate of 40% in 447 patients managed with a drain without re-transfusion. On the contrary, other research groups [1, [12] [13] [14] reported no significant differences for the transfusion rate using a re-transfusion system.
Kim et al. [11] studied 69 patients (139 knees) undergoing a bilateral TKA. One side was managed with a closed suction drainage system and the other side without wound drainage. In the group without wound drainage, more wound healing complications were found. The postoperative range of motion showed no significant difference in the two groups. Martin et al. [14] reported a higher wound healing complication rate and no reduced Fig. 1 Haemoglobin values (mean and standard deviation): preoperative (preOP), day of operation and the 3rd and 7th postoperative day (POD). Between both study groups no significant differences can be noted. An increasing haemoglobin value was found on the 7th postoperative day transfusion rate in the group without wound drainage. Mengal et al. [15] found a higher blood loss and transfusion requirement when wounds were not drained. Other studies [2, 5, 16, 17, 21, 22] found no differences with respect to wound healing, range of motion and blood transfusion requirements with or without wound drainage. In our study, the reinfusion of the collected blood from the wound drains (mean 835 ml, standard deviation 225 ml) did not lead to a decreased homologous blood transfusion requirement (P>0.05). On the contrary, in patient group B the transfusion rate was lower. This can be attributed to the significantly higher blood loss (P<0.001) in group A using three drains with suction. The required transfusion units were not significantly different in the two groups (P>0.05). In both group A and group B, there were no incompatibility-related transfusion reactions seen. No differences can be attributed to the different methods of wound drainage or the complication rate ( Table 2 ). The haemoglobin values on the seventh postoperative day showed an increasing trend (Fig. 1) . The early indication for transfusion in relation to the mean haemoglobin values (group A 8.9 g/dl; group B 8.6 g/dl) can be attributed to the patient's age and the co-morbidities.
No significant differences between both groups were found with respect to: patient age, gender, body mass index, surgeon and surgery time. In addition, the range of motion and Insall knee score showed no significant differences between the two groups.
The described technique of one intraarticular drain without suction has been applied in our department since May 2002. All the findings in this study using this drainage technique can be ratified by our experience over 45 months and 787 total knee replacements.
